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BIBLIOGRAPHY OF TRITIUM STUDIES RELATED TO 

HYDROLOGY, THROUGH 1966

Compiled by EDWARD C. RHODEHAMEL, VERONICA B. KRON, and 
VERDA M. DOUGHERTY

ABSTRACT

This report is a compilation of publications throughout the world that are 
related to the use and application of tritium (T or 3 H) in hydrology during the 
25 years 1942 through 1966. The bibliography consists of a main list of references 
classified as to the principal subject matter of each item, and an auxiliary 
bibliography containing background knowledge about radioactivity, analytical 
techniques, and the various environments in which tritium exists. The intro­ 
duction provides: (1) a brief discussion of the nature, sources, abundance, and 
uses of tritium that are applicable to hydrology; and (2) a description of the 
bibliography formats.

INTRODUCTION 

PURPOSE AND SCOPE

This bibliography on tritium is compiled in response to inquiries 
regarding the various uses and applications of tritium in hydrologic 
investigations. The effective use of tritium in the interdisciplinary 
science of hydrology often may become more involved than simplified 
discussions of radioactive tracers and dating techniques at first sug­ 
gest. The purpose of this report is to provide the reader with 
extensive background information on the present status of the use 
of tritium in hydrology.

Widespread use, as well as the increased tendency toward the use 
of tritium in quantitative studies in hydrology during the past two 
decades, has resulted in a volume of literature of large scope and 
increasing complexity. The increased use of tritium in the science of 
hydrology apparently results from its (1) worldwide distribution, 
(2) variability of production and concentration, (3) relatively weak 
radioactive energy labeling characteristic, (4) moderately long half 
life, (5) ready incorporation into the water molecule, and (6) rather 
universal pervasion of many hydrologic environments. As such, the 
monitoring of tritium concentrations provides a useful tool for track-
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ing various changes that may occur in worldwide environmental 
conditions.

Investigations in hydrology and its related sciences involving 
tritium are scattered throughout many of the world's scientific and 
technical publications. Many of these useful contributions, owing to 
their modes of publication and distribution, are not conveniently 
available to hydrologists. The objective of this bibliography is to 
provide worldwide coverage with topical classifications of the pub­ 
lished material relating to the use of tritium in the field of hydrology. 
The period covered is from 1942 through most of 1966. However, it is 
necessary to mention the important and more recent (1967) publica­ 
tion of various earlier papers on the subject of tritium presented at an 
American Geophysical Union Symposium held at the University of 
Illinois, November 10-12, 1965, which is entitled "Isotope Techniques 
in the Hydrologic Cycle," edited by Glenn E. Stout, and published 
as Geophysical Monograph Series 11, 199 p.

Occasionally in compilation of this type it seems fitting to mention 
outstanding publications on the subject that are issued during the 
final preparation of the report but subsequent to the closing period. 
A convenient wray of doing this is to acknowledge them in this text. 
Three such references are cited below because of either their sum­ 
marizing treatments or extensive references.

Halevy, Elkana, compiler, 1968, Isotope techniques in hydrology, v. 1 (1957- 
1965) : Vienna, Austria, Internat. Atomic Energy Agency Pub., BiWiog. 
Ser. 32, 228 p.

International Atomic Energy Agency, prepared by The Working Group on 
Nuclear Techniques in Hydrology of the International Hydrologicai Decade 
(HID), 1968, Guidebook on Nuclear Techniques in Hydrology: Vienna, 
Austria, Internat. Atomic Energy Agency Tech. Rept. Ser. 91, 214 p.

Jacobs, D. G., 1968, Sources of tritium and its behavior upon release to the 
environment: U.S. Atomic Energy Comm., Div. Tech. Inf., Div. Health 
Physics, AEG Critical Rev. Ser. Rept. 1, 85 p.

GENERAL NATURE, SOURCES, AND ABUNDANCE OF TRITIUM

Tritium (T or 3 H) as well as deuterium (D) are naturally occur­ 
ring isotopes of the ordinary hydrogen atom (H) of mass one, which 
is called protium. Tritium is hydrogen with mass three and an iso- 
topic weight of 3.01703. It has two neutrons and a proton. Chemically, 
tritium behaves like ordinary hydrogen. It is an unstable isotope and 
is therefore radioactive, whereas deuterium with mass two is a stable 
isotope. Both isotopes have been used as tracers in the natural and 
biological sciences.

The half life of tritium for some time has been generally accepted 
to be 12.26 years. A half life is the time required for the radioactivity
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of a substance to decay to one-half its initial radioactive concentra­ 
tion. Tritium disintegrates into helium-3 by emission of very weak 
beta (/?) particles. Inasmuch as there is no gamma emission in this 
reaction, tritium is a pure beta emitter. Beta particles have negative 
charges and are identical with electrons (e~). The relatively low 
energy released amounts to about 0.018 million electron volts (Mev) 
at maximum and consequently tritium radiation is described as being 
"soft." The penetration power of beta particles is slight; in general, 
they do not penetrate through human skin. Tritium readily combines 
with oxygen to form the isotopic water, tritium oxide. The ability of 
T to replace normal hydrogen in the fundamental structure of the 
water molecule, to readily participate in the usual chemical reactions 
and various biological activities, as well as its moderately long lived 
radioactive half life, all make tritium a potentially useful tool in var­ 
ious modern hydrologic studies. Furthermore, manmade tritium is 
plentiful and relatively inexpensive; its weak ft emissions reduce the 
storage and handling hazards well below those of many other radio­ 
active tracers. On the other hand, certain interpretations regarding 
its concentrations and rates of movement are complicated because of 
its relatively large difference in mass from that of normal hydrogen. 
For example, a difference in mass causes a dilution and (or) an en­ 
richment separation, called fractionation, whenever a physicochemical 
process relating to water takes place, either in nature or in the analyti­ 
cal laboratory.

Tritium can be formed artificially and naturally. Manmade produc­ 
tion of tritium in atomic reactors occurs in various ways. However, 
neutron particles are required for this artificial production and conse­ 
quently tritium can be made only at the sacrifice of the supply of 
fissionable material. At times, relatively small amounts of it enter the 
natural environment, sometimes by design and other times by acci­ 
dent. However, the amount of tritium introduced into the atmosphere 
by thermonuclear bomb explosions has been far greater than that 
from any other artificial source, and well-defined knowledge of varia­ 
tions in atmospheric abundance with each thermonuclear explosion in 
the atmosphere is of great importance to the interpretation of ob­ 
served tritium concentrations in hydrologic investigations. According 
to Libby (1961a, b; 1963),12 the amount of tritium released during 
thermonuclear tests is proportionate to the energy released. Leipun- 
sky (1957) 3 has estimated 0.7 kilogram of residual tritium per mega­ 
ton of fusion energy yield from a thermonuclear bomb. A sporadic 
increase of tritium concentration in the earth's environments is char-

1 See p. 92, present report.
* See p. 93, present report.
3 See p. 91, present report.
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acterized as a relatively short period tritium pulse separated by rela­ 
tively long periods of lower concentrations. Owing to atmospheric 
circulation, distribution of precipitation events, and many interrelated 
natural phenomena, many such tritium pulses observed in the lower 
atmosphere and in the waters of the earth do not occur immediately 
following a release of tritium by a thermonuclear bomb explosion. A 
large part of the delayed occurrence of these artificial tritium pulses 
is due to the approximate 5 to 10 years of stratospheric residence time 
for tritium (Libby, 1965, p. 746).4 As a result of the various thermo­ 
nuclear bomb-testing programs, the amount of tritium in the at­ 
mosphere as molecular H and as tritiated H has increased by factors 
of about 20 and 5, respectively (Begemann, 1963).5 Martell (1963, p. 
3759-3761 ) 6 has produced an annual inventory of the bomb-produced 
tritium. Despite the large increase of tritium in the earth's environ­ 
ments, natural water that is not labeled by concentrated slugs of 
tritium remains a very dilute solution, requiring a high analytical 
accuracy for reliable measurement. Through electrolytic enrichment 
techniques, concentrations of tritium in amounts less than 1TU can 
be analyzed satisfactorily. One TIT is equivalent to a T to H ratio of 
lO-ia (iXU = [tritium atoms/protium atoms] X 1018 ). 
The quantity of tritium is generally expressed in terms of this stand­ 
ardized TU concentration, which in water produces about 7.2 X 10~3 
T dpm/ml (distintegrations per minute per milliliter). This is ap­ 
proximately equal to 3.2 picocuries per liter. A natural tritium con­ 
centration of 5 TU will produce about 0.04 dpm/ml.

In nature, tritium is formed in two major ways: (1) by cosmic-ray 
bombardment of atmospheric nitrogen-14 gas, principally at high 
altitudes, and (2) in rocks by radioactive disintegration from lithium - 
6. By nuclear physics conventionalities, such nuclear reactions are 
represented as: Target (projectile, product) Residual. The nuclear 
reaction for the cosmic-ray bombardment of atmospheric nitrogen is 
written as rN14 (n, t) 6C12 , and the reaction denoting the radioactive 
disintegration of lithium-6 is represented as 3Li6 (n, a) i/73 . Here n 
represents a neutron particle, t is the product particle, tritium ( 3H) 
and the product symbol a is an alpha particle (helium nucleus). Of 
these two sources, the production of tritium in the atmosphere is much 
greater. The cosmic-ray production of tritium in the atmosphere is 
believed by some to have been relatively stable for several billion 
years. However, short-term fluctuations in cosmic-ray and other solar 
activity, such as the variations in the intensity of solar winds, seem-

4 See p. 93, present report.
6 See p. 33, present report.
6 See p. 97, present report.
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ingly can produce some short-term variations in the production and 
abundance of tritium in the atmosphere. The average production rate 
of T atoms in the atmosphere is variously estimated to be from 0.1 
to 1.2 T atoms/sec/ 2 over the earth's surface. A value frequently 
cited is that of about one tritium atom/sec/cm2.

Despite the long period of natural tritium production, the natural 
abundance of tritium on earth is notably minute, owing to both radio­ 
active decay and to escape from the earth. In 1954 Dr. Willard F. 
Libby (1954b, p. 38),7 a pioneer chemist in the study of tritium and 
its economic and scientific uses, estimated the total natural abundance 
of tritium to be about 2 pounds; most of this occurs in the oceans, 
forming an extremely dilute solution. Prior to the first thermonuclear 
bomb explosions, the concentration of tritium in rainwater was about 
5 tritium units (TU). However, various estimates generally range 
from 2 to 10 TU, the range of values seemingly being influenced by 
geographical location.

The tritium "time clock'' (12.26 yr half life) is on the order of 1 to 
3 magnitudes too fast for many types of areal studies of the largest 
hydrologic domains such as the oceans, large deep landlocked seas, 
and the largest lakes. Viewed in this respect, it may be an almost 
totally inadequate tool for quantitative studies of regionally exten­ 
sive artesian aquifers because the periods of mass transfer and mixing 
cycles generally are measured in centuries and millennia. Consequent­ 
ly, the use of tritium in hydrology seems better suited for investiga­ 
tions of highly permeable near-surface water-table aquifers, or 
surface-water bodies having relatively rapid cycling (less than sev­ 
eral decades) between the locations of input and output.

In conclusion, (1) scarcity of tritium in nature, (2) the variation 
in amount of both naturally and artificially produced tritium, (3) its 
change in abundance with respect to both geographical position and 
the seasons of the year, (4) its universal distribution and dispersion 
both in the atmosphere and in the complex surface and near-surface 
environments of natural water, and (5) the possibility of isotope 
effects, all create special problems regarding adequate analytical tech­ 
niques, proper applications, and valid interpretations of tritium usage 
in hydrology.

POSSIBLE APPLICATIONS OF TRITIUM IN HYDROLOGY

When the various factors and characteristics related to the nature, 
sources, and abundance of tritium are taken into consideration, as 
described in the previous section, it has been possible to use tritium

7 See p. 92, present report.
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to determine the age of "young waters" (water precipitated from the 
atmosphere less than 50 years before sampling). Although the use 
of tritium to date ground water was given much prominence during 
the early and middle 1950-60 decade, it probably has been more suc­ 
cessfully applied as a pulse-tracing tool. As such, it has been applied 
in problems designed to obtain information on:

1. The process of recharging ground-water reservoirs.
2. The sources of ground-water pollution.
3. The permeability of aquifers and their interconnections.
4. The velocity and the direction of both ground-water and surface- 

water flowr between specific locations.
5. The areal flow patterns and the stratification effects of different 

water masses.
6. The dispersion, mixing, and channeling phenomena in surface 

and ground waters.
7. The rates of soil-moisture movement.
8. Certain chemisorption phenomena of soils and water-bearing 

materials.
9. The biological intake and release of water.

10. The driving mechanisms involved in secondary recovery of pro- 
troleum resources.

If, as is proper, hydrology is defined as the science that relates to the 
waters of the earth, their occurrence, circulation, and distribution, 
their chemical and physical properties, and their reaction with all as­ 
pects of their environment, then there are a large number of ways in 
which tritium is rightfully of hydrologic interest. Throughout the 
compilation of the bibliography, this broadly defined concept of 
hydrology was used; consequently the range of subjects in the refer­ 
ence list is similarly broad in scope.

DESCRIPTION OF THE BIBLIOGRAPHY

This section describes the bibliography which contains numbered 
references compiled from the generally available worldwide sources 
of scientific literature for the period 1942-66. Many articles were con­ 
sulted directly. A large number of the items were obtained by consult­ 
ing Chemical Abstracts (C.A.) prepared by the American Chemical 
Society, and Nuclear Science Abstracts (N.S.A.) published by the 
U.S. Atomic Energy Commission for articles published during the 
decade 1957-66. References obtained from C.A., and N.S.A. sources 
are cataloged for the users convenience in the standard formats (for 
example, C.A. 32 :2831) at the end of each such reference. Other 
sources consulted, although not exhaustively, were the publications of
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United Nations and those of the International Atomic Energy 
Agency. The two deuterium and tritium bibliographies compiled by 
the U.S. National Bureau of Standards (Brown, Friedman, and 
Beckett, 1956, and Johnson, Brown, and Friedman, 1957) 89 are the 
sources for much of the literature cited prior to 1954. In addition, a 
wide range of geological and geophysical literature was consulted in­ 
cluding the extensive bibliographies of "Geoscience Abstracts," pub­ 
lished by the American Geological Institute, and the "Bibliography of 
North American Geology," published by the U.S. Geological Survey. 
In all, it is conservatively estimated that the contents of more than 
8,000 different foreign and domestic journals, bulletins, and other 
publications were consulted by one means or another.

Every attempt has been made to make this bibliography complete 
with regard to those articles that actually pertain to the direct use of 
tritium in hydrologic investigations. Subjects impinging on the field 
of hydrology, for example, biology, various analytical methods, 
adsorption phenomena, and health physics are given prominent list­ 
ing, but no attempt is made to make such bibliographic material com­ 
plete beyond the expected needs of either the hydrologist or geo- 
chemist.

This bibliography has three major parts: (1) the main biblography, 
(2) a classification index (two parts), and (3) an auxiliary reference 
list. The main bibliography follows the general format of three earlier 
hydrogen isotope bibliographies (Kimball and others, 1949; Brown, 
Friedman, and Beckett, 1956; and Johnson, Brown, and Friedman, 
1957).101112

References are alphabetically arranged by the last name of the 
first-listed author and are chronologically arranged where more than 
one reference is by the same author (or authors). Each reference has a 
letter-number reference that is coded by the first letter of the first- 
listed author's name. This letter is followed by a number correspond­ 
ing to the sequential number of the reference for that letter of the 
alphabet. Authors listed second-, third-, and so forth, are also ar­ 
ranged alphabetically, but without a reference to the title of their 
article. However, each such entry is cross indexed by name to the first 
author, and there the title of the article appears. No letter-number 
code is assigned to other than first-author listings.

Following each bibliographic reference is a coded classification of

8 See p. 41, present report.
9 See p. 80, present report.

10 Kimball, A. H., compiler, Urey, H. C., and Kirshenbaum, Isidor eds., 1949 Bibliography 
of research on heavy hydrogen compounds, 1st ed.: New York, McGraw-Hill Book Co., 360 p.

11 See p. 41, present report.
12 See p. 80, present report.
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the principal subject matter reported. Subordinate subject matter is 
not indicated always by the listed classification. The subject-matter 
classification used here follows, with appropriate modifications, the 
nomenclature classification used in the U.S. National Bureau of 
Standards bibliographies. Because this bibliography is compiled 
principally for hydrologic purposes, it is more limited in subject 
matter than these earlier bibliographies, but it is more detailed in 
regard to those classifications pertaining to hydrology. (For example, 
see the section entitled "Tracers and Indicators," of the report, p. 
153.)

The second part of this bibliography, the classification index, con­ 
sists of two parts: (1) a principal topics and subject code con­ 
veniently placed before the main bibliography, and (2) an alpha­ 
betically listed principal-subject index following the main bibliog­ 
raphy. The main bibliography can be searched either directly by 
the author's name, listed alphabetically, or by any of the indexed 
subject classifications, where the appropriate specific letter-number- 
reference code assigned to each first-author entry is cross indexed.

The third part of this bibliography is an auxiliary reference list 
divided into broad fields of knowledge, such as pedology, atmosphere, 
analytical methods, and ground water. This part is alphabetically 
arranged by authors within these categories. These references do not 
refer to tritium studies as such, but are those closely related by the 
nature of the investigation or by the subject investigated (for 
example, the behavior of other isotopes in the ground-water environ­ 
ment). They are cited because they contain discussions that may be 
useful to the hydrologist or geochemist in organizing, carrying out, 
and interpreting investigations involving tritium. The attempt is not 
to make the auxiliary reference list exhaustive, but to make it both 
useful and up to date.

SERIAL PUBLICATIONS CITED IN BIBLIOGRAPHY OF TRITIUM

Acad. Polonaise Sci. Bull., Ser. Sci. Cliim. Bulletin de 1'Academic Polonaise 
des Sciences, Serie des Sciences Chimiques. Warsaw, Poland.

Acad. Romine Studii si Cercetari Chim. Academia Republicii Populare 
Romine, Studii si Cercetari de Chimie. Bucharest, Rumania.

Acad. Romine Studii si Fizica Atomica Academia Republicii Populare Ro­ 
mine, Institutul de Fizica Atomica. Bucharest, Rumania.

Accad. Naz. Lincei Atti, Cl. Sci. Fis., Mat. e Nat. Rend. Atti dell' Accademia 
Nazionale dei Lincei, Rendiconti della Classe di Scienze Fisiche, Matema- 
tiche, e Naturale. Rome, Italy.

Acta Chem. Scandinavica Acta Chemica Scandinavica. Copenhagen, Denmark.
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Acta Isotopica Acta Isotopica. Rivista di medicina e biologia nucl£are. Istituto
di Semeiotica Medica dell' Universita. Padua, Italy. 

Acta Physiologica Polonica Acta Physiologica Polonica. Litterae Societatis
Physiologorum Polonorum. Warsaw, Poland. 

Advances Biol. and Med. Physics Advances in Biological and Medical Physics.
New York, N.Y. 

Advances in Physics Advances in Physics. [Quarterly supplement to the
Philosophical Magazine.] Taylor and Francis, Ltd. London, England. 

Advances in Radiation Biology Advances in Radiation Biology. New York,
N.Y. 

Agronomy Jour. Agronomy Journal. American Society of Agronomy. Madison,
Wis. 

Akad. Nauk SSSR Doklady Akademiya Nauk SSSR Doklady [Academy of
Sciences of the U.S.S.R. (formerly Comptes Rendus [Doklady] Akad.
Sci. URSS)]. Moscow, U.S.S.R. 

Akad. Nauk Uzbek. SSR Izv., Ser. Fi/.-Mat. Akademiya Nauk Uzbekskoy
SSR, Izvestiya, Seriya Fiziko-Mathematicheskikh. Tashkent, U.S.S.R. 

Am. Chem. Soc. Jour. Journal of the American Chemical Society. Washington,
D.C. 

Am. Geophys. Union Trans. Transactions of the American Geophysical Union.
Washington, D.C. 

Am. Indus. Hygiene Assoc. Jour. American Industrial Hygiene Association
Journal. Baltimore, Md. 

Am. Inst. Chem. Engineers Jour. American Institute of Chemical Engineers
Journal. New York, N.Y. 

Am. Jour. Botany American Journal of Botany. Botanical Society of America.
Baltimore, Md. 

Am. Jour. Diseases of Children American Journal of Diseases of Children.
American Medical Association. Chicago, 111. 

Am. Jour. Roentgenology, Radium Therapy, and Nuclear Medicine American
Journal of Roentgenology, Radium Therapy, and Nuclear Medicine. Spring­ 
field, 111.

Am. Jour. Sci. American Journal of Science. New Haven, Conn. 
Am. Meteorol. Soc. Bull. Bulletin of the American Meteorological Society.

Boston, Mass. 
Am. Nuclear Soc. Trans. American Nuclear Society Transactions. Hinsdale,

111. 
Am, Phys. Soc. Bull. Bulletin of the American Physical Society. New York,

N.Y.
Am. Scientist American Scientist, Society of the Sigma Xi. New Haven, Conn. 
Am. Soc. Civil Engineers Proc., Jour. Hydraulics Div. Proceedings of the

American Society of Civil Engineers, Journal of the Hydraulics Division.
New York, N.Y. 

Am. Soc. Civil Engineers Proc,, Jour. Sanitary Eng. Div. Proceedings of the
American Society of Civil Engineers, Journal of the Sanitary Engineering
Division. New York, N.Y.

Am. Soc. Civil Engineers Trans. Transactions of the American Society of 
Civil Engineers. New York, N.Y.
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Am. Water Works Assoc. Jour. Journal of the American Water Works
Association. New York, N.Y. 

Am. Zoologist American Zoologist. American Society of Zoologists. Chicago,
111. 

Analyst The Analyst. The Journal of the Society for Analytical Chemistry.
Cambridge, England.

Anal. Biochemistry Analytical Biochemistry. New York, N.Y. 
Anal. Chemistry Analytical Chemistry. American Chemical Society. Wash­ 

ington, D.C.
Anal. Chim. Acta Analytica Chimica Acta. Amsterdam, Netherlands. 
Anatomical Rec. The Anatomical Record. Wistar Institute of Anatomy and

Biology. Philadelphia, Pa. 
Angew. Chemie Angewandte Chemie. Gesellschaft Deutscher Chemiker Kura-

torium. Weinheim, Federal Republic of Germany.
Angew. Chemie Internat. Angewandte Chemie Internationale. (International 

Edition in English.) Weinheim, Federal Republic of Germany, and Aca­ 
demic Press, Inc. New York, N.Y. 

Ann. Rev. Nuclear Sci. Annual Review of Nuclear Science. Annual Reviews,
Inc. Palo Alto, Calif. 

Appl. Sci. Research, Sec. B Applied Scientific Research, Section B. The Hague,
Netherlands.

Archiv Gesamte Physiologie Archiv fur die Gesamte Physiologic des Menschen 
und der Tiere, Pflugers. Springer-Verlag. Berlin-Wihnersdorf, Germany. 

Archives Biochemistry and Biophysics Archives of Biochemistry and Bio­ 
physics. New York, N.Y. 

Archives Disease Childhood Archives of Disease in Childhood. British Medical
Association. London, England. 

Archives Environmental Health Archives of Environmental Health. American
Medical Association. Chicago, 111. 

Archives Internat. Physiologie et Biochimie Archives Internationales de
Physiologie et de Biochimie. Liege, Belgium. 

Archives Pathology Archives of Pathology. The American Society for Ex-
perimenal Pathology. Chicago, 111. 

Arid Zone Arid Zone. United Nations Educational, Scientific, and Cultural
Organization. Paris, France.

Assoc. Beige De>eloppement Pacifique Energie Atom. Bull. Inf. Association 
pour le Developpement Pacifique de 1'Energie Atomique, Bulletin d'lnfor- 
mation. Brussels, Belgium. 

Astron. Inst. Czech. Bull. Astronomical Institutes of Czechoslovakia Bulletin.
Czechoslovak Academy of Sciences. Prague, Czechoslovakia. 

Astron. Soc. Pacific Pubs. Astronomical Society of the Pacific Publications.
California Academy of Science. San Francisco, Calif. 

Astron. Zhur. Astronomicheski Zhurnal. [Astronomical Journal.] Akademiya
Nauk SSSR. Moscow, U.S.S.R. 

Atomkernenergie Zeitschrift fur die Anwendung der Kernenergie in Wissen-
schaft, Technik und Wirtschaft. Munich, Federal Republic of Germany. 

Atomlight Atomlight. New England Nuclear Corporation. Boston, Mass. 
Atomnaya Energiya Atomnaya Energiya. [Atomic Energy.] Akademiya Nauk 

SSSR. Gosudarstvennyy Komitet Soveta Ministrov SSSR po Ispol'- 
Zovaniyu Atomnoy Energii. Moscow, U.S.S.R.

Atompraxis Atompraxis. Internationale Monatsschrift fiir Angewandte 
Atomenergie in Industrie, Landwirtschaft, Naturwissenschaften, und Med-
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izin unter Besonderer Beruecksichtigung der Medizinischen. Strahlenbiol- 
ogie Sowie des Strahlenschutzes. Karlsruhe, Federal Republic of Germany. 

Atomtech. Atomtechnikai Tajekoztate. [Atomtechnics Bulletin.] Budapest, 
Hungary.

Atomwirtschaft Atomwirtschaft. Zeitschrift fiir die Wirtschaftlichen Fragen 
der Kernumwandlung. [Journal of Nuclear Industry.] Diisseldorf, Federal 
Republic of Germany. 

Australasian Radiology Australasian Radiology. Formerly Journal of College
Radiologists. Sydney, New South Wales, Australia.

Australian Jour. Chemistry Australian Journal of Chemistry. Common­ 
wealth Scientific and Industrial Research Organization. Melbourne, Vie- . 
toria, Australia.

Australian Jour. Sci. Australian Journal of Science. Australian National Re­ 
search Council. Science House, Sydney, New South Wales, Australia. 

Ber. Bunsenges. Physik. Chemie Berichte der Bunsengesellschaft fiir Physika-
lische Chemie. Weinheim, Federal Republic of Germany. 

Biochem. Jour. The Biochemical Journal. Cambridge, England. 
Biochim. et Biophys. Acta Biochimica et Biophysica Acta. International

Journal of Biochemistry and Biophysics. Amsterdam, Netherlands. 
Bioflzika Biofizika. [Biophysics.] Moscow, U.S.S.R. 
Biokhimiya Biokhimiya. [Biochemistry.] Moscow, U.S.S.R. 
Biophys. Jour. Biophysical Journal. The Rockefeller University Press. New

York, N.Y. 
Biul. Wojskowej Akad. Tech. imeni Jaroslawa Dabrowskiego. Biuletyn

Wojskowej Akademii Techniczenj imeni Jaroslawa Dabrowskiego. Warsaw,
Poland.
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supplies).
Abt.rr In earth, rock, and aquifer materials.
AbG Geological and natural:
AbG.tm In atmosphere and precipitation.
AbGgw In ground water (meteoric and connate brines).
AbGn7 In worldwide hydrologic environments.
AbGju In juvenile water.
AbGm«t In meteorites.
AbGoce»n In ocean water.
AbG»»t In satellites.
AbG.n <>w In snow, ice, and glaciers.
AbG.w In surface water (rivers, lakes, ponds, reservoirs, and water 

supplies).
AbGterr In earth, rock, and aquifer materials.
AbO Organic (including uptake, biological half life, and fractionation). 

Ad Adsorption and sorption :
Adgw Aquifers and filters.
AdC Chromatography.
AdG Gases on solids.
AdL Liquids on solids. 

An Analytical methods:
AnC Counters, cloud chambers, electrometers, ionization chambers, 

photographic emulsions, and autoradiography.
AnCl Colorimetric methods.
AnDn Density methods.
AnMs Mass spectrograph and mass spectrometer.
AnSp Absorption spectra.
AnTh Thermal conduction. 

Bi Biological effects of tritium and tritium compounds :
BiB Botanical.
BiC Biochemical.
BiZ Zoological.
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EC Electrochemical properties:
EcC Conductivities and mobilities.

El Electromagnetic and optical properties (except spectra) : 
E1C1 Color effects. 
ElGd Gas discharges. 
EIMm Magnetic moments. 
EISc Light scattering. 

Eq Chemical equilibria: 
EqG Gaseous. 
EqH Heterogeneous. 
Eql Ionic. 
EqL Liquid and solution. 

Ge General and review : 
Ab Abundance:

AbG Geological and natural. 
AbO Organic. 

Ad Adsorption and sorption. 
An Analytical methods.
Bi Biological effects of tritium and tritium compounds. 
Eq Chemical equilibria.
Ha Handling, storage, contamination, health hazards, and safety. 
In Indicator and tracer techniques :

In.rt Laboratory, reactors, and artificial production.
In.tm Atmosphere and precipitation.
Ing» Ground water (meteoric and connate brines).
Innr Worldwide hydrologic environments, hydrologic budgets

and cycles, recharge, and evapotranspiration.
Inhj Hydraulics, rates of recharge and movement, velocities, 

reservoir volumes, dilution, yield, and analysis of flow 
character.

Inmet Meteorites. 
In0 ce.n Ocean water. 
Inpe Pedology (soils) and agronomy. 
In,. t Satellites 
In.now Snow, ice, and glaciers.
In.w Surface waters (rivers, lakes, ponds, and reservoirs). 
In t «Tr Earth, rock, and aquifer materials. 
InA Age determinations:

InA.tm Atmosphere and precipitation.
InAgW Ground water (meteoric and connate brines).
InA. w Surface waters (rivers, lakes, ponds, and

reservoirs). 
InBi Biological. 
InG Geological nature. 
InKi Reaction kinetics. 

Is Isotope effects:
IsEq Chemical equilibria. 
IsKi Reaction kinetics. 

Ki Chemical kinetics:
KiB Biochemical. 
KiG Gaseous.
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Ge General and review Continued
Ki Chemical kinetics Continued 

Kil Ionic. 
KiL Liquid and solution. 
KiP Photochemical. 
KiR Radiochemical. 

Me Mechanical properties:
MeDf Diffusion, dispersion, convection, mass transport, and

permeability:
MeDf.tm Atmosphere and precipitation. 
MeDfgw Ground water (meteoric and connate brines). 
MeDfnj Worldwide hydrologic environments. 
MeDfoce.n Ocean water. 
MeDf P. Pedology (soils) and agronomy. 
MeDf.w Surface waters (rivers, lakes, ponds, and

reservoirs).
MeDfterr Earth, rock, and aquifer materials. 

No Nomenclature. 
Nu Nuclear properties:

NuB Beta-ray spectra. 
Sa Sampling techniques. 
Se Isotope separation and enrichment:

SeAd Adsorption (including chromatography and ion
exchange). 

SeAdbi Biology.
SeAdgw Ground water (meteoric and connate brines). 
SeAdpo Pedology (soils) and agronomy. 

SeDf Diffusion (including thermal diffusion). 
SeEl Electrolysis.

Sy Synthesis and preparation of compounds. 
Th Thermodynamic and related properties. 

Ha Handling, storage, contamination, health hazards, and safety. 
In Indicator and tracer techniques:

In.rt Laboratory, reactors, and artificial production.
In»tm Atmosphere and precipitation.
In(W Ground water (meteoric and connate brines).
Inn7 Worldwide hydrologic environments, hydrologic budgets and

cycles, recharge, and evapotranspiration. 
Inn7 Hydraulics, rates of recharge and movement, velocities,

reservoir volume, dilution, yield, analysis of flow character. 
Inju Juvenile water. 
In».t Meteorites. 
In0 «.»n Ocean water. 
Inpe Pedology (soils) and agronomy. 
In..« Satellites. 
In.now Snow, ice, and glaciers.
In§ w Surface waters (rivers, lakes, ponds, and reservoirs). 
Interr Earth, rock, and aquifer materials. 
InA Age determinations:

InA.tm Atmosphere and precipitation.
InA(V Ground water (meteoric and connate brines).

Worldwide hydrologic environments, hydrologic 
budgets and cycles, recharge, and evapotranspiration.
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In Indicator and tracer techniques Continued 
InA Age determinations Continued 

InAmet Meteorites. 
InAocean Ocean water. 
InApe Pedology (soils) and agronomy. 
InA..t Satellites. 
InAsnow Snow, ice, and glaciers.
InAaw Surface waters (rivers, lakes, ponds, and reser­ 

voirs).
InAterr Earth, rock, and aquifer materials. 

InBi Biological. 
InG Geological nature. 
InKi Reaction kinetics. 
InSo Solubility determinations. 
InSp Spectra. 

Is Isotope effects:
Ispe Pedology (soils) and agronomy. 
IsCr Crystal structure. 
IsEq Chemical equilibria. 
IsKi Reaction kinetics. 
IsMs Mass spectra. 
IsSp Spectra.
IsTh Thermodynamic properties. 

Ki Chemical kinetics:
KiB Biochemical. 
KiG Gaseous. 
KiH Heterogeneous. 
Kil Ionic.
KiL Liquid and solution. 
KiP Photochemical. 
KiB Radiochemical. 

Me Mechanical properties:
MeD Density and molar volume.
MeDf Diffusion, dispersion, convection, mass transport, and

permeability.
MeDf.rt Laboratory and artificial production. 
MeDf.tm Atmosphere and precipitation. 
MeDfgw Ground water (meteoric and connate brines). 
MeDfny Worldwide hydrologic environments, hydrologic 

budgets and cycles, recharge, and evapotranspi- 
ration.

MeDfmet Meteorites. 
MeDfoce.n Ocean water. 
MeDfpe Pedology (soils) and agronomy. 
MeDf.now Snow, ice, and glaciers. 
MeDf»w Surface waters (rivers, lakes, ponds, and

reservoirs).
MeDfterr Earth, rock, and aquifer materials. 

MeSt Surface tension. 
MeV Viscosity. 

No Nomenclature. 
Nu Nuclear properties:
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Nu Nuclear properties:
NuB Beta-ray spectra. 
NuH Hyperfine structure.
Nuln Interactions (absorption of radiation, ranges, and scattering I. 
NuM Masses and binding energies. 
NuP Piles, reactors, and accelerators. 
NuR Reactions. 
NuRe Magnetic resonances. 
NuS Spins, states, and wave functions. 
NuSt Statistics. 

Sa Sampling techniques:
Sa.tm Atmosphere and precipitation. 
Sagw Ground water (meteoric and connate brines). 
Sa» w Surface waters (rivers, lakes, ponds, and reservoirs). 

Sd Solid state:
SdNu Nuclear properties. 
SdSp Spectra.
SdTr Transitions (including phase transitions). 

Se Isotope separation and enrichment:
SeAd Adsorption (including chromatography and ion exchange) : 

SeAd.tm Atmosphere and precipitation. 
SeAdbi Biology.
SeAdgw Ground water (meteoric and connate brines). 
SeAdny Worldwide hydrologic environments, hydrologic 

budgets and cycles, recharge, and evapotranspira- 
tion.

SeAdocem Ocean water. 
SeAdpe Pedology (soils) and agronomy. 
SeAdiw Surface waters (rivers, lakes, ponds, and reser­ 

voirs ).
SeAdterr Earth, rock, and aquifer materials. 

SeDf Diffusion (including thermal diffusion) :
SeDf, r t Laboratory, reactors, and artificial production. 
SeDfgw Ground water (meteoric and connate brines). 
SeDfmet Meteorites. 
SeDf..t Satellites. 

SeDs Distillation. 
SeEl Electrolysis.
SeMs Mass spectrometer and mass spectrograph. 
SeSo Solubility. 

So Solubility:
SoO In organic solvents. 

Sp Spectra and spectroscopic constants : 
SpEl Molecular electronic. 
SpFl Fluorescence and luminescence. 
SpVi Vibrational (including Raman). 
SpX X-ray. 

Sr Mass spectrometry. 
St Molecular structure:

StD Molecular constants (interatomic distances, bond angles, 
moments of inertia, and force constants).
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St Molecular structure Continued 
Sy Synthesis and preparation of compounds. 
Th Thermodynamic and related properties: 

ThD Diffusion and heat conduction. 
ThF Thermodynamic functions for pure substances and reactions

between them (E, H, 8, C,, Cp, F, K, A#, AE, AS, AC,, AF, data 
of state, and thermal expansion). 

ThP Phase equilibria (melting points, triple points, boiling points,
heat of transition, critical constants, and vapor pressures). 

ThS Statistical mechanics and statistical thermodynamics. 
ThSo Properties of solutions (activities, fugacities, pH, vapor pres­ 

sures, heat of solution and dilution, and colligative properties).
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K50, L22, O21, P19. P35, P36, P4l, P47, P48, R37, R43, Sll, S12. S15, 
S16, S17, S22, S25, S49, S60, S98. S117, T49, IJ12, U14. TJ21, U22. W13, 
W16, W17, W28, W30. W43, W45.

Gases on solids (AdG) : CIS, G4.
Liquids on solids (AdL) : A17, F12, F70, Rl, SI,

Analytical methods (An) : A6, A31, A35, A48, B13, B20, B23, B32, B73, B90, 
B107, BIOS, B148, C21, C52, C55, C59, C78, D17, D18, D35, D41, D42, E39, 
F5, F7, F13, F51, F58, F62, F75, G13, G66, G74. G76, HI, H5, H37. 
H48, H51, H54, H62, H65, H66, H69, 14, 15, 118, 120, 126, Jl, J2, J17, 
.118, .120, K5, K40, K48, L19, L31, L61, L72, Mco, M13, M24, M25, M44. 
O12, O13, O20, P4, P36, P42, P6o, R7, R16, R19, R24, R26, R32, R37, 
R44, Sll, S30, S40, S43, S72; S73, S74, S92, S108, T19, 1*12, Y9, V18. 
V19, V34, V39, V46, V48, W2, W16, W30, W34, Y8, Zll.

Counters, cloud chambers, electrometers, ionization chambers, photographic 
emulsions, and autoradiography (AnC) : Al, A2, A3, A5, A7, A9, A13, A22, 
A23, A24, A25, A28, A33, A34, A37, A38, A42, B2, B3, Bo, B8, B9, BIO, 
B12, B15, B18, B19, B41, B52, B58, B59, B61, B62, B64, B65, B66, B68, 
B97, B101, B110, Bill, B112, B113, B114, B115, B116, B117, B120, B130, 
B135, B136, B137, B138, B140, B141, B142, B143, B144, B147, B149, B150, 
Cl, C3, C5, C6, C7, C8, C9, C14, 016, CIS, C20, C22, C23, 026, C27, 
C30, C31, C32, C38, C39, C40, C41, C42, C44, C50, C51, C53, C54, 
C58, C66, C67, C72, C73, C77, D3, D4, D13, D18, D19, D20, D21, D22, 
D27, D31, D32, D33, D36, D37, D88, D40, D43, El, E2, E12, E15, 
E16, E19, E23, E24, E25, E28, E86, E37, E39, F2, F9, F12, F17, 
F19, F37, F44, F46, F47, F48, F49, F50, F53, F56, F60, F67, F68, 
F70, F71, F72, F73, G3, G5, G6, G7, G8, G9, G13, G14, G15, G19, 
G22, G27, G28, G29, G33, G35, G36, G37, G38, G40, G50, G52, G58, 
G60, G61, G62, G64, G67, G71, G72, G81, G82, G83, G84, G85, G86, 
G87, G88, H3, H9, Hll, H12, H15, H22, H23, H24, H26, H27, H31, 
H32, H36, H38, H39, H40, H41, H46, H47, H50, H53, H57, H59, 
H60, H63, H64, H67, H72, H73, H74, II, 13, 15, 16, 123, 124, 127, 
130, 132, 133, 134, 135, 136, .14, .T'5, J7, J8, Jll, J13, J23, J27, J38, 
J34, J35, .136, Kl, K2, K3, K4, K10, Kll, K12, K13, K14, K15, 
K19, K20, K21, K24, K25, K32, K33, K37, K38, K39, K45, K46, 
K47, K50, K51, K53, K54, K55, K58, K59, K60, K66, K68, K69, 
K74, K75, LI, L2, L6, L13, L15, L17, L22, L26, L27, L28, L32, L36, 
L39, L41, L55, L56, L57, L58, L60, L65, Mcl, Mc2, Mc4, M6, M8, M12, 
M14, M22, M27, M29, M30, M34, M35, MS8, M48, M49, M50, M51, 
M52, M54, M58, M59, M62, M65. M66, M70, Nl, N4, N10, Nil, N14, 
N18, N21, N22, N23, Ol, O4, O7, O8, O9, O10, Oil, O15, O17, O19, 
O21, O22, O23, O24, O25, O28, O29, O30, PI, P2, P8, Pll, P12, P16, 
P17, P22, P23. P24, P34, P35, P39, P40, P41, P46, P48, P58, P60, 
P63, P64, P67, Ql, R5, R18, R20, R25, R27, R28, R30, R31, R33, R35,
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R40, R43, R45, R46, R51, R54, R55, S2, 84, S5, S6, S7, S10, S12, S13, 
S15, S16, S17, S20, S22, S24, S25, S26, S27, S31, S34, S37, S38, S39, 
S41, S42, S46, S47, S49, S50, S52, S53, S56, S57, S58, S63, S67, S77, 
S79, S80, S81, S83, S84, S85, S86, S88, S95, S96, S99, S100, S110, 
S113, S114, S117, T2, T3, T4, T6, T9, T10, Til, T12, T14, T15, T17, 
T21, T22. T27, T35, T46, T48, T49, T50, T52, T54, T55, T56, TJ1, 
U2, U3, U10, U14, U16, U19, U20, U29, U34, V10, Vll, V12, V13, 
V14, V16, V19, V21, V22, V24, Y26, V30, V35, V37, V38, V40, V41, V44, 
Y45, Wl, W3, W13, W14, W15, W18, W19, W22, W23, W24, W26, 
W31, W35, W36, W37, W42, W43, W45, W46, W49, W50, Y3, Y4, 
Y9, Z2, Z4, Z9, Z10.

Colorimetric methods (And) : B135, E10, Ell, 133, M12, N4, P43, P50, 
Y4. Y9.

Density methods (AnDn) : C26. R29.
Mass spectrograph and mass spectrometer (AnMs) : A5, A42, B56, B122, 

B137, B138, C2, C35, D29, E17, H34, H53, H59, 133, 134, J34, Kl, K22, K23, 
K24, Mc5. M16. M24. Nil, N1S. N23, O5, O6. P24, R46, S26, S101, T10, 
Y46. W7. \Y21, W22, W24.

Absorption spectra (AnSp) : B29, Y21.
Thermal conduction (AnTh) : R29.

Biological effects of tritium and tritium compounds (Bi) : A27, B92, B93, 
B119, B149. 052, D7, F60, .720, K53, M61, N3, P46. S23, S54, S65.

Botanical (BiB) : A39. A43. A45. B2S, B69. B70, 028. O36, O37, O48. 
O49. D8, E39, F57, G34. H24, H66, H6S, 129, K25, K29. K42, K57, K61, 
K73. K76, L28, L39, L62. Mc9, MclO, M26, M60, M69, P28, P29, P30, 
P53, P60, R4, R8, R9, R19, R36, S28, S55, S59, S60, S97, S98, S99, 
T1K, U9, V2, Y3. Y19, V49, W9, W38, NV39, W48, W50. Z5, Z12.

Biochemical (BiO) : A4. B16. B27, B52, B53, B76, B92, B102, 04, 025. 
O48. 056, 068, D7, 1)8, 1)23, D38, E20, E21, E39, F48. F54, F58. F60. 
F69, F71, F74, G7, G14, F36, G39, G56, G78, H9, H65, 15, 16, 116, 111, 124, 
.11, J2, J5. .712, K5, K8, K50. K61. L12, L63, M26, M45, Moo, M56. 
M60, N3, N10, Nil. O15, O16, O22, O23, O24. P2, P5. P27, P30, 7>33, 
P44, P55, P60. R4. R19, R21. R25, R34. R52, R53. S3, S28, S50, S53, 
S64, S66, S75. S76, T19. T43, T46, T51, U4. I T 6, U7. F8. UH, T T 14, U21, 
U22, U23, F26, F27, I T28, Y3. Y1S. V23, W10, W14, W28. W39. W40, 
W48, Zl. Z16. Z17.

Zoological (BiZ): B26. B27, B53. B93, BJ)4. B101. B102, B133. B144, 
B145, B147. 04. 010, O40, 056, 069. O70. 7)14. 7)34. D36. 7338, ElS. 
E19, F7, F54, F55, F74, F76. G6. G73. G74, G75. G76. H9. H38, H45, 
H71, 116, 722. .72. .710, K5. K10. K13, K41. K61, L12, L20. L69, Ml, 
M26. M55, 013. O15, O22, O23. O24. P2. 1>3. P4, P6, P33, P45. P52, 
P54, Poo. P57, R19, R25, R52, S3. S29. R66. S67, S109, T12, T36, T37, 
T38, T39. T40, T41. T43, T T 14, U20, TT23, Vfl, Y20, Zl. Z6, Z7, Z16, Z17. 

Electrochemical i)roi)erties (Ec) : B73, B131, F49, F50, F70, [36, K4K.
Conductivities and mobilities (EcC) : A38, G60, S77, S112. 

Electromagnetic and optical properties (except spectra) (El) :
Oolor effects (E101) : 078.
Gas discharges (ElGd) : H44.
Magnetic moments (EIMn) : T13.
7,ight scattering (EISc) : Bll.

( 1hemical equilibria (Eq> : B73, B125, B12S, K76. 7,33, 7>3(>. M38, R42, S2, 
S9, S89. Sill. Yl.
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Gaseous (EqG) : B72, D26, J26, L5. 
Heterogeneous (EqH) : A12, A16, P36.
Ionic (Eql) : A12, B25, B104, B139, E23, F68, H21, M20, RoO, Sol, S112. 
Liquid and solution (EqL) : C78, J14, L5, P25, P44, S108.

General and review (Ge) : B125, B126, B129, C55, C62, D2, D28, D35, Eli, 
E38, F43, F75, F76, G41, G59, G67, H13, HIT, H54, 13, 18, J19, J21, 
J23, L38, L40, L47, LSI, L71, N3, Nil, P25, P6S, RIO, R29, R41, R48. 
S9, S28. S82, S89 T13, T21, T47, U5, V6, V17, W20.

Abundance (Ab) : F6, F66, 15, 16, 17, 118, J20, L18, L19, M7, M10, 
S78, U7. U13, U28.

Geological and natural (AbG) : A43, B40, Dl, G18, 15, 110, 115, 118,
121, J41, K16, K17, L37, L64, M38, N7, S50, T34, U7, W27. 

Organic (AbO) : 16, 116, S50, U2G. 
Adsorption and sorption (Ad) : B137, B138, Cl, CIS, C21, D43, 15, J20,

S17, U21, W30.
Analytical methods (An) : A7, A24, A42, B19, B137, B138, Cl, C6, C21. 

C26, C52, D18, D43, E39, F9. F51, F58, G13, G38, G72, G85, G86, H40, 
H41, H47, H66, H69, 14, 15. 16, 118, J2. Jll, J20, Kl, L19, L26, L27, 
M6, M13, M38, M44, M70, N4. O10. P16. P35, R18, R27, R32. R44, R45. 
R46, S17, S30, S50, S57, S73. T49. IJ16, Y13, V18, V19. W2, W3, W14, 
W23, W24, W30. W45. Zll.

Biological effects of tritium and tritium compounds (Bi) : C25, C52. E21, 
F57, F58, H66, 15, 16, 116, J12, J20, K8, L12, L63, R21, R53, S3, S23. 
S50, S55, S65, T43, U7, U21, U26, U28, V18, V19, W14, W39, Z5. 

Chemical equilibria (Eq) : B128, M38.
Handling, storage, contamination, health hazards, and safety (Ha) : B108. 

B146, B148, C25, F57, HIS, 16, 17, 116, J9, K70, Mc7, M38, M44, N24, R46, 
S3, S50, T43, T53, TT7, F16, F24, U26, TJ28.

Indicator and tracer techniques (In) : A14, A25, B132. B148, Cl, E18. 
G18, 14, Jll, J20, K17, K30, L17. M9, M10, M13, M38. N10. N12, O31, 
R46. S30, S78, T53. W8, W14, Zll.

[Laboratory, reactors, and artificial production (In.rt)]: TJ16. 
[Atmosphere and precipitation (In.im)] : B100, F66, 15, 118, 121, K16,

K18, L18, L19, S48, W27. 
[Ground water (meteoric and connate brines) (Ing «)]: A47. B40.

B54, F6, H19. 15, 17, 110, 118, 121, 125, K34, M40, N9. 
[Worldwide hydrologic environments, hydrologic budgets and cycles, 

recharge, and evapotranspiration (InHy )]: B40, F44, H19, 110, 113, 
118, 121, P13.

[Hydraulics, rates of recharge and movement, velocities, reservoir 
volumes, dilution, yield, and analysis of flow character (Inhy )]: 
B54, 15, 110, 118. 121, 125, K35, S33. 

[Meteorites (Inmet)]: 15, W27. 
[Ocean water (In0(.,» n ) ] : B40, K18. 
[Pedology (soils) and agronomy (InPe ) ] : F57, F66, 121. 125, S23,

S33, IJ16.
[Satellites. (In..,)] : W27. 
[Snow, ice, and glaciers (In.now)]: 121. 
[Surface waters (rivers, lakes, ponds, and reservoirs) (Insw )]: B40,

15, 17, T18, 121, 125.
[Earth, rock, and aquifer materials (In.err)] : B40, F42, 121, L18, L19. 
Age determinations (InA) : 121, K30, U28.
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[Atmosphere and precipitation (InA.tm)]: B40, 115, L37. 
[Ground water (meteoric and connate brines) (InAgw)]: F6, 15,

17, 110, 115, K35, L37. 
[Surface waters (rivers, lakes, ponds, and reservoirs) InA,,,)]:

115, L37.
Biological (InBi) : C25. C52, E21, F57, F5S, G3S, 15, 16, 116, J9, Jll, 

J12, K7, KS. L12, L37, L63, R53, S3, S23, S33, S50, S55, S65, T43, 
U16, F21, H24, U26, VIS, V19, W5, W14, Z5. 

Geological nature (InG) : TJ16. 
Reaction kinetics (InKi) : B71. 

Isotope effects (Is) : R44, S33, T53, F16. 
Chemical equilibria (IsEq) : 15, Yl. 
Reaction kinetics (IsKi): J38, R45, Yl. 

Chemical kinetics (Ki) : B127, B128, .120, M38, T53, W39. 
Biochemical (KiB) : L12. T43, AV39. 
Gaseous (KiG) : K17. 
Ibnic (Kil) : M70, Yl. 
Liquid and solution (KiL) : Yl. 
Photochemical (KiP) : H66, J38. 
Radiochemical (KiR) : H66, .138, 1-37, R46, 

Mechanical properties (Me) : M70.
Diffusion, dispersion, convection, mass transport, and permeability 

(MeDf) : 15, M38, N9, T43, U28.
[Atmosphere and precipitation (MeDf.t^)]: A43, 118, 121, J41,

K16, L18, L19, L37, M2, S48, V34. 
[Ground water (meteoric and connate b,rines) (MeDf,.«)]: A43,

H19, 118, K30, K35, L64.
[Worldwide hydrologic environments (MeDfHy)]: 121. 
[Ocean water (MeDfocean) ] : A43, L64. 
[Pedology (soils) and agronomy (MeBfp*)]: 121. 
[Surface waters (rivers, lakes, ponds, and reservoirs) (Me-

Df. w )]: A43, 118, L19, L64.
[Earth, rock, and aquifer materials (]N|eDfterr) ] : L18, L19. 

Nomenclature (No): H19, Zll.
Nuclear properties (Nu): F45, F58, G55, J20, K16, M38, S50, S78, T53, 

U16, W39.
Beta-ray spectra (NuB) : R46.

Sampling techniques (Sa) : H19, 118, L18, L19, N9, Zll. 
Isotope separation and enrichment (Se) : B139, C21, M38.

Adsorption (including chromatography and ion exchange) (SeAd) : 
L53, M70, R45, S50, T43. 

[Biology (SeAdbi)] : F57.
[Ground water (meteoric and connate brines) SeAdgw )]: K35. 
[Pedology (soils) and agronomy (SeAdpe)]: F57. 

Diffusion (including thermal diffusion) (SeDf) : BIOS. 
Electrolysis (SeEl) : R45. 

Synthesis and preparation of compounds (Sy) : A42, D43, F51, F58, 16,
Kl, M13,, R42, R45, T53, V19, W23, W24. 

Thermodynamic and related properties (Th) : M38, M70. 
Handling, storage, contamination, health hazards, and safety (Ha) : A7, A25, 

A27, A34, A3,i A37, A43. B13, B14, B15, B16, B20, B26, B27, B30, B32, 
B54, B89, B9},' B93, BR4, B101, B102, B108, B116, BUT, B119, B121, B135, 
B144, B145, B140, B147. B148, C4, CIS, C25, C42, C45, C50, C51, C55,
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C56, C59, C68, C69, C70, D4, D7, D10, Dll, D17, D23, D24, D30, D34, D36, 
El, E18, E22, E26, E27, E38, F2, F7, F44, F49, F54, Foo, F57, F61, F66. 
F67, F69, F71, F74, F76, G23, G25, G26, G27, G28, G57, G58, G73, G78, 
G88, G85, H5, H7, H13, H14, H15, H16, H18, H28, H29, H45, H56, H59, 
H62. H63, H64, H71, H73, 16, 17, 19, 116, 136, J9, K4, K10, K19, K25, K28, 
K29, K39, K41, K49, K50, K52, Ko4, K65, K67, K70, LI, L2, L15, L20, L23, 
L39, L44, L56, L58, L62, L65, L69, Mcl, Mc2, Mc3, Mc7, Ml, M23, M26, M27, 
M34, M37, M38, M44, M55, M56, M61, M64, M71. N10, N24, O14, O16, 
P2, P3, P6, P18, P25, 1*93, P35, P45, R6, R12, R19, R22, R34, R39, R46, R52, 
S3, S4, So, S18. S28, S29, S43; S50, S63, S64, S67, S92, S94, S106, S116, T12, 
T42, T43, T46, Tol, T53, til, T T 3, T T 6, T~7, Ull. U16. U23, U24. TJ25, U26. 
U27, U28, TT30, TJ31, T T 32, T T34, VI, V4, V9, V10, V12, V30, V4H, W39, W44, 
W49, WoO, Y2, Z3, Z8, Z13.

Indicator and tracer techniques (In) : A9, A14, A17, A18, A25, A29, A30. 
A44, A49, B"13; B14, &25; B30, Bol, B70, B75, B96, B113, B132, B136, 
B143, B148, 01, C3, I 1 2d, C23, 033, O47, ELS, E39, F14, F17, F45, G18. 
G58, G67, G85, HIS, H14, H20, H54, H56, H59, H64, 12, 14, 111, 112, 
114, 117. 119"; .711, .720, J24, K17, K30. K46, K47, K51, K65, K67, L16, 
L17, L40, L44; L49, L54, L68. L71, Ml), M10, M13. M27, M38, M42, Nl, 
X10, Ml, X12, X13, N21, Oil, O31, P17, P18, P35, P39, P41, P66, 
R2, R7, R40, R46, S16, S18, S24, S30, S4o, S77, S78, S83, S104, T3, T27, 
T53, Ul, T T6, V6, V14, V50, W6, W8, W12, W14, AV19. W20, Yl, Z3, Zll. 

[Laboratory, reactors, and artificial production (In» r t)]: B43. F48, G54,
G71, L39, L6o, U16.

[Atmosphere and precipitation (In. tm )]: A7, A28, A33, B7, Bio, B20, 
B24, B29, B35, B36, B37, B41, B43, B44, B45, B50, B65, B66, B67, B78, B79, 
B80, B91, B97, B98, B100, B116, B117, B122, B146, C27, C42, C53, 
C60, C65, D4, D5, D6, D9, D36, E5, E6, E7, E8, E26, E32, E33, E34, 
F10, F30, F31, F37, F47, F48, F64, F66, Gil, G12, G16, Gl9, G23, G46, 
G48, G53, G54, G55, G64, G87, HIS, H16, H25, H28, 10; 118, 121, 127, 
128, 129, 135, 137, K14, K16, K18, K42, K43, K44, K66, Ll, L2, L3, L8, 
L10, Ul. Lift, L19, L28. L39, L46, L47, L4S, M2, M3 S Mo, M7, M8, 
M18, M20, M34, M41, M56, M65, M66, M69, N21, O25, O26* O27, O29, P14, 
Plo, P31, R19, R3">, R36, So, S48, S81, S92, SlOo, SliO, T4, T5, T6. 
T16, T17, T22, T25, T28, T30, T33, U29, V28, V29, V30, V32, V34, V36, 
V38, V40, Wl, AV27, W47, W49, Y7.

[Ground water (meteoric and connate brines) (Ingw )]: Ao. A8. A10, 
A13. A40, A4o, A47, B3">, B36» B40, BoO, Bo4. B83. B8o, B91, B103, 
B121, B123, B124, B130. B134, P12, C14, O15, C18, C45, ('46, Do, D6. 
Dll, D12, D17. E13, E29. E30, F6, Fll, F16, F18. F37, F43, F47, F4S. 
F65, G10, G62, G63, G64, G69, G89, H5. H6, H7. H8. Hlo, H16, H19. 
H25, H28, H30, H34, Hoo, H58, 13, lo, 17. 110, 118, 121, 125, 131. 
J3, .725, K14, K25, K26, K27, K29, K31, K34, K36. K52, K54, K55, K56, 
K74, L17, L2M, L30, L32, L39. L45, L46, L47. L48, Mc4. Mc8. M7, M9. 
M28, M82, M36, M37, M39, M40, M65, M66. M68, M69, N9, MO. X17. 
M9, O29, P9, PlO, P14, Plo, P19. P31. Rl, R14, R17, R36. S14, S19. 
S70, R90, T4, To, T10, T17, T21. T22, T30. T31, T32, T33, T47. U17, 
TT29, V8, V16. V28, V29, V30, V31, V32, V40. AV2o. W32. W33, W49, 
Y8, Z12. 213, Z15.

[Worldwide hydrologic environments, hydrologic budgets and cycles, re­ 
charge, and evapotranspiration (InHy)]: BIO, B40, B130, C16, C17, 
('19. C43, D17, D36. E33. F44. G42, G62, H19, H2o, H53, 110, 113, 118,



154 BIBLIOGRAPHY, TRITIUM STUDIES RELATED TO HYDROLOGY

121, K14, K36, K55, L39, L45, Me4, M7, M65, M66, M67, M69, P13, P14, 
P15, S90, T16, T32, U18, Z12, Z13.

[Hydraulics, rates of recharge and movement, velocities, reservoir volume, 
dilution, yield, and analysis of flow character (Inhy )]: A8, B35, B50, 
B54, C14, C44, Do, E29, E30, E38, F47, F48, G30, G62, G64, H25, 
H28, 15, 110, 118, 121, 125, 131, J3, J25, K35, K36, K56, K74, L4, L47, 
L48, M9, M32, M36, M37. M69, P9, P10, R14, R15, S14, S33, T17, T22, 
T32, F29, AT8, AT30, A734, V40, Z13. 

[Juvenile water (In ju )]: B91, G64. 
[Meteorites (In me,)]: D9, G19, 15, T44, W27. 
[Ocean water (In00 e» n )]: B6, B7, B36, B40, B50, B98, C60, C63, E32,

H61, H67, K14, K18, L3, L46, L47, L48, N6, O29, P31, T17, W49. 
[Pedology (soils) and agronomy (In?,)]: A40, B121, E38, F57, F66. 

G42, G87, H15, H16, 1158. 121. 125. K54, L28, L39, Mc8, M26, M36, M65, 
M66, M69, N2. O8, O9. P19, Rl, R17. R36, Sll, S14, S23, S33, T22, F4, 
U16, U29, AV48, Z12, Z14. 

[Satellites (In s.,)]: D9, AAT27. 
[Snow, ice, and glaciers (In s »ow)]: B35, B36, B37, B39, B45, B50, F37.

121, 137, K14, L39. O29, R20, A'41.
[Surface waters (rivers, lakes, ponds, and reservoirs) (In.w)]: A40, 

B35, B36, B40, B8S>, B91, B130, C44. 045, D6, D17, E30, F37, F47, F48, 
F67, G10, G62. G63, G64. G87, H16, H28, H55, H67, 15, 17, 118, 121. 
125. J6. K14. Ko2, L28. L39, L46. L47, L48, Mc8, M7, M26, M65. M66. 
N21, O29. P14, P15. P31. R14, R17, R19, R36. S19. S67, T5, T6, T17. 
T22, T28, T33, T35, Ull, U29, V28, V36, W49. 

[Earth, rock, and aquifer materials (ln, P rr)]: B40, F42, F48, 121, L18.
L19. L32, AV49.

Age determinations-(InA) : A17. B31. B34. B42. BS5. C33, E3, E38, F29. 
F55. F63, T13, 121, K30, K43, K56, K64. L29. 1,38, L41. L42, L46, L47. 
Lol, L61, M63, N14, N15, N20, O3, P31, P37, P43, P63, P64, S14, S40, 
S80, S94, T7. F27, I T 28, AT 14, AT31.

[Atmosphere and precipitation (InA. tm )]: B12, B23, B33, B40, B50. 
B95. B122. B131. C13, C53, D5, D6, E9, E31, F28, G10, Gil, G12. 
G31, G32, G49, G65, H2, 115, ,T39, L6, L7, L8, L37, L39, L45, L48. 
L50, L59, Ml, M3, M5, M9, M21, M69, O29, S92, S103, T14, T16, T23, 
T28, T29, A^33. V38, V40, V43, V44, V45, V46, V47, V49. 

[Ground water (meteoric and connate brines) (InA B«)]: A40, Bl. 
B9. B50, B57, B83, B85, B130, B134, C12, C13, C14, 015, 017. C18. 
019, O46, 071, I>5. D6, Dll, D12, E4, E13, E29, E30, E31. F6. 
Fll, F16. F47, G10, G24. G31. G62. G64, G65, H6, H16, H19, H34. 15. 
17, 110. 115, 131, K27. K28, K35, K55, K71, L6, L14. L28, L37. 
L39, L45, L48, M32. M37. AI68, M69, N19, O29, P9, P14, P15, P20. 
Rio. R36. S21. S68, S69, S102, S103, T10, T14, T23. T24, T26. T29. 
T30, T32, V28, V30, V32, V40, V49, W25, W32, W33. 

[ AVorldwide hydrologic environments, hydrologic budgets and cycles, 
recharge, and evapotranspiration (InAHy )]: B50, B130. O13. F47. 
G10, M32, R14, S69. S103. T29, V32.

[Meteorites (TnAme t)]: B12. B47, B49, F25, G17, G20, G21, T44. 
[Ocean water (InAor ,. Bn ) ] : Bl, B6, B7. B50, G30. G31, G32, L45,

L4S. T14. T16.
[Pedology (soils) and agronomy (InAPP )] : K61, M69, P9, Z14. 
[Satellites (InA«,)] : F25.



CLASSIFICATION INDEX PRINCIPAL SUBJECT INDEX 155

[Snow, ice, and glaciers (InA,now )]: B9, B50, 137, M43, N6, O4, O29, 
P38, S45, T15, V25, V41, V42.

[Surface waters (rivers, lakes, ponds, and reservoirs) (InA.w)]: 
A15, Bl, B86, B130, C13, D6, E30. G10, G62, G64, 115, L6, L37, 
L39. 7,45, L50, P14, P15, P20, R36, S102, S103, T14, T16. T23. V46.

[Earth, rock, and aquifer materials (InAt.rr)]: A43.

[Biological (InBi)]: A4, Ao, A27, A38, A39, A43, A45, B16, B28, B52, 
B53, B56, B63, B92, B94, B101, B102, B113, B135, B144, B145, B146, 
B147, B148, B149, B150, C4, CIS, C25. C36. C37, C40, C49, C52, C55, 
C56, C68, C69, C70, D3, D8, D23, D28, D32, D34, D36, D38, E19, E21. 
E22, E38, E39. F8, F54, F57, F58, F60, F68, F71, Gl, G7, G14. G27, 
G34, G38, G39, G75, G76, G83, H9, H12, H23, H24, H38, H45, H59. 
H65, H68, H69, H71, H73, H74, 15, 16, 116, 122, 124, 129, 133, J2, J4, 
J5. .79, .110, .Til, .112, .136, K2, K4. K5, K7, K8, K10, K13, K21. 
K25, K37, K42, K43, K50, K57, K61, K73, K75, L12, L15, L20, L28, L30, 
L37, L39. L47. 1,55, L5S. L62, L63, M15, M26. M29, M45., N55, N59, 
N60, M62, N10, Nil, O22, O23. O24. O29, PI, P2, P4, P5, P7, P22, P25. 
P27, P28, P29, P30, P33, P40, P44, P45, P52, P53, P54, P57, P60, P61, 
P63, P64, P67, R4, R6, R8, R9, R19, R23, R25, R34, R36, R43, R52. 
R53, S3, 87, S14, S20, S23. S28, S29, S33, S36, S46, S47, S50, S55, 
S59, S60, S64, S65, S67, S73, S7o, S76, S79, S95, S96, S97, S98, S99, 
S106, T2, T12, T18. T36, T37, T38, T39. T40, T41, T43, T46, T49, 
T51, T55, U3, F4, US, U9, U14. U16, U20, U21. U22, U23. I T 24, U26. 
V2, V3, V9, V18, V19. V23, V24, V49. W5. W14, W15, W19. W26. W28. 
W34, W38. W40, W48, W49, W50, Zl, Z5, Z7.

[Geological nature (InG)]: C44, U16.
Reaction kinetics (InKi) : A16. R71.
Solubility determinations (InSo) : B82. W42.
Spectra (TnSp) : Tl.

Isotope effects (Is) : A5. All, A43, B53, B60. B106. D15, F44, G10. G85, 16,
124, J24, K48, K55, M7, N20, O18, P25, P49. P58. P59. R44, S9, S33. Til.
T53. U16. V50. W8. W9. Z3. 

Pedology (soils) and agronomy (IsPe) : Rl. 
Crystal structure (IsCr) : A48.
Chemical equilibria (IsEq) : B73. B113. H20, 15. J3. S115. F15. Yl. 
Reaction kinetics (IsKi) : B71. B84. B113. C24. G60. H20. .728. .738. M20,

No. O30. R4o. R50. R55. S2. S116. V41. W22. Yl. 
Mass spectra (IsMs) : K9. SS. 
Spectra (IsSp): C7S. D41. M57. 
Thermodynamic properties (IsTh) : B73. B106. C3. .732. K40. K54. P42.

R13, R51. S116. 7 T5. V5. Y5. Y6. 74.

Chemical kinetics (Ki) : B60. B71. B74. B125. B126. B127. B128. C2. D29. G3.
G4, G70, .720. 1,54. 7,72. M38. P59. R42. R47. R50. S9. S40. S89. Sill.
T53, W39. 

Biochemical (KiB) : B76. G76. .72. 7,12. M59. P6. P30. T43. T46. V2. V3.
W38. W39.

Gaseous (KiG) : D26. K17, S24. 
Heterogeneous (KiH) : A16, K74. R3.
7onic (Kil) : A49. B25. M70. S2. S51. 1T2. W21. W37. Yl. 
7,iquid and solution (KiL) : .714, R3. Yl.
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Photochemical (KiP) : B25, B30, F50, G2o, G26, G66, H21, H59, H65, H66,
.T17, J28, J38, N10, P22, P47, S42, S52, S60, S73, T19, W38. 

Radiochemical (KiR) : A5, A12, B30. B63, B104, B124, B139, C2, CIS, C66, 
C68, Dl, E23, E38, F12. F50, F66, F68, F75, G7, G66, G81, H14, H21, 
H36, H39, H48, H53, H6o, H66, J28, .T38. L9, L37, N5, Nil, P4, P28, 
R4, R43, R46, R49, 82, 811, Tl, V41, W49, Y5, Y6. 

Mechanical properties (Me) : Bl, C35, E33, F44, M70. 
Density and molar volume (MeD) : E33, H10.
Diffusion, dispersion, convection, mass transport, and permeability (MeDf) :

A17, A27, A48, B28, B34, B42, Bol, B75, B96, B136, B148, C49, C62,
C74, Dll, D17, E20, E27, F8, F13, F15, F47, F76, Gl, G18, G31, G34,
G39, G68, G69, H15, H29, 12, 15, K17, K54, L16, L42, L44, L54, L68, M8,
M15, M38, M42, M59, Nl, N9, N16, N21, N25, O12, P3, P18, P22, P32,
P37, P44, R3, R8, R9, R23, R33, S18, S60, S64, S66, S94, S98, T31, T43,
U9, TT27, U28, U30, U31, V4, V8, W6, W18, W48, Y2. Z12, Z13, Z17.

[Laboratory and artificial production (MeDf.rt)l : F75, G54.
[Atmosphere and precipitation (MeDf.tm)]: A18, A43, B9, B23, B24,

B35, B36, B37, B39, B44, B45, B48, B50, B65, B66, B67, B77, B78, B79,
B80, B100, B122, B130, B131, C13, C15, C53, D5, D6, D30, E5, E9, B32,
E33, E34, F4, F66, G10, Gil, G12, G16, G32, G48, G50, G53, G54, G64,
G87, H2, H25, 118, 121, 126, 127, 129, 137, J39, J41, J42, K14,
K16, K18, K25, K43. LI, L2, L6, L7, L8, L10, Lll, L18, L19, L28,
L37, L39, L43, L45, L48, LoO, L59, Ml, M2, M3, M4, Mo, M18, M19,
M20, M21, M41, M43. M65, M66, O26, P14. Plo, P31, R6, R36, S45,
S48, S87, S91, S92, S93, S102, S103, S105, T14, T15, T16, T17, T22,
T25, T28, T29, TI29, V33, V34, V36, W4, Wll.

[Ground water (meteoric and connate brines) (MeDf*« )]: A18, A40, 
A43, Bl, B36, BoO, B85, B103, B130, C12, CIS, Clo, 046, C71, D5, 
D6, E4, E30, G10, G62, G87. H5, H7, H16, H19, H25, H30, H34, 
118, 131, .13, J25, K25, K26, K27, K28, K29, K30, K34, K35, K36, 
K55, K71. K74, L6, L28, L29, L4o, L48, L64, Mc4, M9, M37, M65, 
M66, M69. N17, N19, P9, P14, P15, P19, Bl, R15, R17, S19, S21, 
S68, S69, S89, S102, S103, T14, T20, T22, T29, T47, IJ17, U29, V29, 
V40, W32, W33.

[Worldwide hydrologic environments, hydrologic budgets and cycles, 
recharge, and evapotranspiration (MeDfHr )]: B9, C43, E32, 121, 
LoO, M65, M66, P14, P15, S103, F18. 

[Meteorites (MeDfm.,)]: D39. 
[Ocean water (MeDf  ,,. )]: A43, B6, B7, B36, B50, C63, E32, E33,

G30, G32, G64, H61, K13. L4o, L48, L64, N6, R6, T14, T16. 
[Pedology (soils) and agronomy (MeDfP.)]: D5, 121, M65, M66, M69,

N2. 09, P9, Bl. R17, T22, T29, I T29, Z14.
[Snow, ice, and glaciers (MeDf   »-)]: B36. 137, P38, S45, T15. 
[Surface waters (rivers, lakes, ponds, and reservoirs) MeDf.w)]: 

A15, A43, B35, B36, B48, B86, B130, C44, 1)6, E30, G10, G62, 118, 
L6, L19, L28, L45. L50, L64, Mc8, M65, M66, P14, P15, R6, R14. 
S102, S103. T6. T14, V5. V6.

[Earth, rock, and aquifer materials (MeDf.err)]: L18, L19. 
Surface tension (MeSt): S35. 73. 
Viscosity (MeV): B17. B60. J24. P49. R38.

Nomenclature (No) : An, A19. A20, B6. B77, B139, E38, G41. G64, H19, H53, 
H59. IS, N6. P42, R41. Zll.
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Nuclear properties (Nu) : A3, A21, B13, B23, B38. B55. B113, C2, C13, CIS. 
C35, C55, C57, D6, D15, E38, F29, F44, F4o, F52, F58, F62, F63, F69, 
G17, G31, G55, G66, G85, H14, H18, H34, J20, J25, K16, KIT, L16, L34, 
L35, L38, L45, M38, M42, N8, N17, P50, R47, S28, S34, S50, S78, S86, 
S92, T7, T53, U16, V7, V46, V50, W8, W21, W39.

Beta-ray spectra (XuB) : All, A43, Bl, B4, B39, B102, D6, D17. D41, 
E10, Ell, G45, G64, G70, G80, H15, H30, H57, J15, J27, J31, L17, L39, 
L45, L57, Mc3, M3, M5. M16, X5, P31, P43, P51, Po9, R46, Y44, V45, 
Y5, Y6, Y8, Y9.

Hyperfine structure (NuH) : A,">, II.
Interactions (absorption of radiation, ranges, and scattering) (Nuln): 

B88, D17, D25, F40. G82, H43, K54, L68, N16, P45, P68. S64, T T 14. W34. 
Masses and binding energies (NuM) : B60, F59, K64, Pol. 
Piles, reactors, and accelerators (NuP): S62.
Reactions (NuR) : All, B88, B104, C24, C65. E17, E23, E34, F3, F3o, 

F40, F52, G27, H39. H49, H52, II, J16, K6, L39, L4o, Mo8, PI, P42, S28, 
S32, V44, V45, Y5, Y6. 

Magnetic resonances (NuRe) : B81. 
Spins, states, and wave functions (XuS) : An. J26. 
Statistics (NuSt) : H57. 

Sampling techniques (Sa) : B91, B97. E39, G8, G10, G13, G49, G87, Ho. H10.
118, 126, K36, L18, L19, L28, M29, M69, N9, N25, O29, T16, T17, Zll. 

[Atmosphere and precipitation (Sa.tm)]: 059, F66, S92. 
[Ground water (meteoric and connate brines) (Sa g«)]: E31. Mc4. 
[Surface waters (rivers, lakes, ponds, and reservoirs) (Sa«w)]: C44, E31. 

Solid state (Sd) : G77.
Nuclear properties (SdXu) : B60, B81. 
Spectra (SdSp) : .T30.
Transitions (including phase transitions) (SdTr) : H10. 

Isotope separation and enrichment (Se) : B60, B139, C21, C32, E38, F44, K33,
M38, O20, S35, W8, W21.

Adsorption (including chromatography and ion exchange) (SeAd) : A5, 
A16, A40, A49, Bl, Bo, BIO, B42, B73, B75, B84, B88, B106, B107, 
B109, B113, B120, C22, O23, 058, 067, D4, D30, D31, D33, D44, E14. 
E18, E20, E23, E36, E38, F8, Fo2. F73, Go, G34, G47, G52, G60, G87, 
H19. H24, H34. H66, 124, 127, .118. K9, K14, K40, K51, K54, K68, K73, 
L13, L17, L20, L25, L39, L53. L58, MS, M42, M59, M63. M68, M70, 
X23, O12, O16, O25, O30, P39, P44, P58, P59, P65, P66, R3, R7, R8, R9. 
R23, R24, R43, R45, R55, SI. S34. S36, S38, S50, S51, S53, S60, S64, 
S66, S72, S74, S77, S9S, S99. S114, Tl, T10, Til, T31. T43, Ull, Flo. 
V5, V7, V13, V14, V37, V39. Y41, W17, W18, W22, W34, W40. W47. Y2, 
Y5, Y6, Z4.

[Atmosphere and precipitation (SeAd., m )]: E33, G10. M7. M20. S103,
T29, V28, V3S. 

[Biology (SeAdbi)] F57.
[Ground water (meteoric and connate brines) (SeAdK w)]: B83, B103, 

B119, B124, C45, E4, G10, G62, H5, K34, K35, K55, K74, M37, N17, 
P19, S69, S103, T21, T29, U17, Wll. 

[Worldwide hydrologic environments, hydrologic budgets and cycles.
recharge, and evapotranspiration (SeAdHy)]: 043. 

[Ocean water (SpAd,,o, n ) ] : A43, ESS. R6.
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[Pedology (soils) and agronomy (SeAdpe)]: B119, 045, F57, K52,
M36, X2, P9, P19, R2, R17, S19, T29, W48. 

[Surface waters (rivers, lakes, ponds, and reservoirs) (SeAd.w)]:
G10, G62, S103.

[Earth, rock, and aquifer materials (SeAd,- )] : A43, J3, K52, M7. 
Diffusion (including thermal diffusion) (SeDf) : B94, B105, B109, C22, 

C58, C64, E27, E33, F8, F75, G46, G74, G75, H34, H53, K40, L17, N25, 
P45. R16, R24, V13, V14, Vlo, V37, V41, V42, Z12.

[Laboratory, reactors, and artificial production (SeDf.rt)]: G52. 
[Ground water (meteoric and connate brines) (SeDfgw )]: B103. 
[Meteorites (SeDfm et)] : F33, F34. 
[Satellites (SeDf,.,)]: D9, F33. F34. 

Distillation (SeDs) : B5. B73. B95. C64, D4, F44. G10, 129, R26, S35. S74.
S108. Y2, Z4.

Electrolysis (SeEl) : A13, B5, B8, B65, B66, B90, B91, B97, C8, C14, 
E16, F44, F47, F52, G9, G13, Gf>2, G64, G81, G87, H53, 120. T27, J18, 
K14. K24, K74. L17, L28, L39, N21, O4, O30, R45. R51. SO. S47. TH. 
T6. T14. T17, V39, V40. Y41, V44. V45, W35, Y2. 

Mass spectrometer and mass spectograph (SeMs) : D41, M53. 
Solubility (SeSo) : W41. 

Solubility (So) :
Organic solvents (SoO) : B82, W41. Z3. 

Spectra and spectroscopic constants (Sp) : B29, 89. 
Molecular electronic (SpEl) : G80, H44. 
Fluorescence and luminescence (SpFl) : Bill. C73. C78. D3S, F46, H9,

H59, J30, J34. L57, Mc3. P22, P35.
Vibrational (including Raman) (SpVi) : A5, 1.33. L36. 
X-ray (SpX) : S99.

Mass spectrometry (Sr) : D16. M53, 88. 
Molecular structure (St) :

Molecular constants (interatomic distances, bond angles, moments of inertia,
and force constants) (StD) : F8, L24, M57, O8, R3.

Synthesis and preparation of compounds (Sy) : A9, A22, A32, A42, BIO, B52, 
B91, B112, B130, B143, B149, B150, Oil, C23, C39, C41, C55, C59, D29, 
D42, D43, E28. F17, F35, F45, F51, F53, F58, F60, G8, G15, G19, G27 G33, G66, 
G67, G8n. H12, H23, H24, H34, H48, H51, H53, 16, 18, 133, 134, J4, J5. 
.T33, Kl, K4, K10, K20, K32, K53, K54, K68, L21, L57, L60, L61, Mc2, M13, 
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P43, S9, U15. Z3.

Diffusion and heat conduction (ThD) : G52, G68, G84, R3, R16, R33, W32. 
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